Routine protein evaluation in many laboratories involves initially determination of serum total protein and albumin. Since more than 100 requests can be received each day for these, automated methods are essential. The difference between the two values is assumed to be a measure of the serum globulin content. If necessary, a further fractionation of the globulins is performed. This is almost invariably done by simple electrophoretic techniques at pH 8.6 which yield fractions, conventionally designated 0l1l 0l2' fJ and y globulins.
METHODS

Total protein
Serum total protein is usually determined by the Technicon AutoAnalyzer method, N14B ('biuret' method). A few laboratories use an automated Lowry procedure. The standard biuret procedure is not in 'equilibrium', i.e., the peak obtained with a serum sucked at 60fh does not reach the height of the plateau obtained when the same serum is sucked continuously for several minutes. The determination of total protein will not be discussed further.
Albumin
Immunodiffusion was adopted as reference method and was performed on 'Partigen' plates (Hoechst Pharmaceuticals Ltd., London). This method was also used to check the stated albumin content of commercial serum ('Versatol': Warner and Co. Ltd., Eastleigh, Hampshire) used as primary standard for the bromocresol green method and as secondary standard for the cellulose acetate and biuret-sulphite methods. Bovine serum albumin (Armour Pharmaceutical Co. Ltd., Eastbourne) was used as primary standard for these latter methods.
Sulphite-biuret. Globulins were precipitated with 28% sodium sulphite (Wolfson, Cohn, Calvary and Ichiba, 1948) and after centrifugation the albumin content of the supernatant was determined by the biuret procedure.
Bromocresol green. The AutoAnalyzer procedure of Northam and Widdowson (1967) based on that of Batholomew and Delaney (1966) was used.
Globulin
Methods which give albumin and globulin values Paper read at Scotland and Northern Ireland Resional Meeting, October, 1969. are electrophoresis and phosphate turbidity. Electrophoresis was done on paper and cellulose acetate. Lissamine green was used as dye for paper electrophoresis and then the strips were scanned using a Joyce-Loebl chromoscan (Joyce, Loebl and Co. Ltd., Team Valley, Gateshead) with a modified cam (Kenny, 1965) .
Cellulose acetate strips were stained with ponceau S (G. T. Gurr). The fractions were determined by the elution method of Webster (1965) and also by densitometry using a Joyce-Loebl chromoscan. Cams provided with the instrument were found to underestimate albumin concentration, but no attempt was made to construct a linearising cam analogous to that of Kenny (1965) because satisfactory results were obtained for the globulin fractions. Most of the cellulose acetate studies employed Oxoid (Oxoid, London) 2.5 x 12 COl strips, but later smaller 'microzone' strips (Beckman Instruments, Glenrothes) were evaluated by densitometry. These are about 5.7 x 14.4 em and each strip can hold eight sera. Obviously elution techniques are more time-consuming than densitometry. Martinek (1967) described a technique based on the turbidity obtained with solutions of differing molarity of phosphate added to serum. The resulting turbidity was said to correspond to the conventional electrophoretic fractions. He stated that this gave similar results to those obtained by paper electrophoresis, but that it was much simpler and more reliable. These claims were investigated.
RESULTS AND DISCUSSION
Albumin
With the exception of the phosphate turbidity technique the albumin methods were capable of a precision with coefficient of variation less than 2.5% (mean 4.1 g/l00 ml; n = 10). Results obtained by the sulphite-biuret procedure usually correlated with those obtained by paper and cellulose acetate electrophoresis, bromocresol green and immunodiffusion. However, the sulphite-biuret method occasionally gave significantly lower results (n = 20; 0.025 > P > 0.01 compared with immunodiffusion and cellulose acetate electrophoresis and 0.05> P> 0.025 compared with bromocresol green and paper electrophoresis).
Sulphite precipitation (Wolfson et al., 1948) biuret method has until recently been the routine procedure employed in many laboratories. The manual precipitation stage can be very tedious when large numbers of sera have to be analysed. The adverse effect of tedium on precision has been well described by Robinson (1967) . More systematic errors may arise because of difficulty in keeping the salt in near saturated solution. The sulphite solution has to be kept at a temperature greater than 25°C; the warm solution deteriorates and cannot be used for more than one week (Levin, Oberholzer and Whitehead, 1950) . It is well known (Webster, 1965 ) that sulphite does not give complete separation of albumin from globulins. This applies particularly to sera with an abnormal ratio of albumin to globulin. There were no significant differences between the results obtained by immunodiffusion, bromocresol green, paper electrophoresis (scan) and cellulose acetate (elution), although on occasions paper electrophoresis gave low results for albumin. Immunodiffusion is obviously too time-consuming and expensive for routine use. It does, however, serve as a reference method.
We confirmed the findings of Northam and Widdowson (1967) and Harding and Keyser (1968) that the bromocresol green method is satisfactory for routine use. An aliquot of serum can be analysed simultaneously for total protein (biuret) and albumin (bromocresol green).
Cellulose acetate electrophoresis, although it is accurate and precise, is not sufficiently rapid for the determination of albumin in large numbers. It could, however, be a suitable method in a small laboratory.
The phosphate turbidity technique yielded albumin results which were significantly lower than those obtained by the sulphite-biuret method, by cellulose acetate electrophoresis (elution) and by immunodiffusion (0.025 > P > 0.01, n = 24, for each comparison). The precision was unacceptable; the coefficient ofvariation was 10% (mean = 3.8 g/lOO ml; n = 9). The method is relatively tedious.
Cellulose acetate is preferable to paper as an electrophoretic medium because of the shorter time required and the clearer differentiation obtained. In deciding whether to use elution or densitometry, one must weigh the desire for accuracy and the amount of time one is prepared to spend on the determination.
One of the aims in carrying out this work was to assess the precision of electrophoretic analysis as carried out routinely. The precision is not very high (with elution C.Y. approx. 8 %-with densitometry approx. 10%). These results must be kept in mind when discussing the significance of changes in the various protein fractions.
Twenty-four sera were analysed by phosphate turbidity and cellulose acetate electrophoresis (elution). Statistical analyses of (Xl' (Xa and f3 results were not done because the standard deviations of the phosphate results were much greater than those obtained by cellulose acetate electrophoresis. There was no significant difference between the results for y globulin. As well as being inaccurate the phosphate turbidity method had inadequate precision as is shown in Table 3 .
The phosphate technique was further investigated to determine the specificity of precipitation. The Globulins suspension was filtered several times through WhatThere were no significant differences between man No. 42 filter paper, until a clear solution was results obtained by paper electrophoresis (scan), and obtained. The solution was then passed through a column of G-25 sephadex to remove excess phosphate salt and the protein was eluted in 0.9 % NaC!. The eluate was concentrated by overnight dialysis against polyvinyl pyrrolidone and the concentrate electrophoresed on cellulose acetate. As indicated in Table 4 fractionation was unsatisfactory. The turbidity corresponding to total protein was invariably incomplete. Since turbidities of the protein fractions are expressed relative to the total protein turbidity, their values would tend to be too high. In addition, since precipitation is not completely specific, low or high values could be derived. The net effect found was that atl results were low, at. and f1 results were high and y results were acceptable. 2. Cellulose acetate electrophoresis should be used for estimations of globulin fractions. Although elution is more precise (C.V. < 10%) than densitometry (C.V. approx 10%) the latter is probably acceptable for routine estimation of large numbers of samples.
3. The phosphate turbidity technique was found to be non-specific and unreliable.
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